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PORTAL DESIGN FOR STENT 



FOR TREATING BIFURCATED VESSELS 

Background of the Invention 

[0001] The invention relates to vascular repair devices, and, in particular, intravascular 
stents for repairing bifurcations, blood vessels that are diseased. Stents are particularly 
useful in the treatment of atherosclerotic stenosis in arteries and blood vessels. More 
particularly, the invention concerns improved stent patterns for a portal region on a side 
branch access stent to prevent the occurrence of portal overlap during deployment of 
the stent. The invention further provides a method of making a stent for repairing a 
bifurcated vessel. 

[0002] Stents conventionally repair blood vessels that are diseased. Stents are 
generally hollow and cylindrical in shape and have terminal ends that are generally 
perpendicular to their longitudinal axis. In use, the conventional stent is positioned at 
the diseased area of a vessel and, after deployment, the stent provides an unobstructed 
pathway for blood flow. 

[0003] Repair of vessels that are diseased at a bifurcation is particularly challenging 
since the stent must be precisely positioned, provide adequate coverage of the 
diseased area, provide access to any diseased area located distal to the bifurcation, 
and maintain vessel patency in order to allow adequate blood flow to reach the 
myocardium. Therefore, the stent must provide adequate coverage to the diseased 
portion of the bifurcated vessel, without compromising blood flow, and extend to a point 
within and beyond the diseased portion. Where the stent provides coverage to the 
vessel at the diseased portion, yet extends into the vessel lumen at the bifurcation, the 
diseased area is repaired, but blood flow may be compromised in other portions of the 
bifurcation. Unapposed stent elements may promote lumen compromise during 
neointimal formation and healing, producing restenosis and requiring further 
procedures. Moreover, by extending into the vessel lumen at the bifurcation, the stent 
may block access to further interventional procedures. 
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[0004] Conventional stents are designed to repair areas of blood vessels that are 
removed from bifurcations, and, therefore are associated with a variety of problems 
when attempting to use them to treat lesions at a bifurcation. Conventional stents are 
normally deployed so that the entire stent is either in the parent vessel or the proximal 
portion of the stent is in the parent vessel and the distal portion is located in the side 
branch vessel. In both cases, either the side branch vessel (former case) or the parent 
vessel (later case), would become "jailed" by the stent struts. This technique repairs 
one vessel at the bifurcation at the expense of jailing or obstructing the alternate vessel. 
Blood flow into the jailed vessel would be compromised as well as future access and 
treatment into the distal portion of the jailed vessel. 

[0005] Alternatively, access into a jailed vessel can be attained by carefully placing a 
guide wire through the stent, and subsequently tracking a balloon catheter through the 
stent struts. The balloon could then be expanded, thereby deforming the stent struts 
and forming an opening into the previously jailed vessel. The cell to be spread apart 
must be randomly and blindly selected by recrossing the deployed stent with a guide 
wire. The drawback with this approach is that there is no way to determine or 
guarantee that the main vessel stent struts are properly oriented with respect to the side 
branch or that an appropriate stent cell has been selected by the wire for dilatation. The 
aperture created often does not provide a clear opening and creates a major distortion 
in the surrounding stent struts. A further drawback with this approach is that there is no 
way to tell if the main vessel stent struts have been properly oriented and spread apart 
to provide a clear opening for stenting the side branch vessel. This technique also 
causes stent deformation to occur in the area adjacent to the carina, pulling the stent 
away from the vessel wall and partially obstructing flow in the originally non jailed 
vessel. Deforming the stent struts to regain access into the previously jailed strut is also 
a complicated and time consuming procedure associated with attendant risks to the 
patient and is typically performed only if considered an absolute necessity. Vessels 
which supply a considerable amount of blood supply to the myocardium and may be 
responsible for the onset of angina or a myocardial infarction would necessitate the 
subsequent strut deformation in order to reestablish blood flow into the vessel. The 
risks of procedural complications during this subsequent deformation are considerably 
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higher than stenting in normal vessels. The inability to place a guide wire through the 
jailed lumen in a timely fashion could restrict blood supply and begin to precipitate 
symptoms of angina or even cardiac arrest. In addition, platelet agitation and 
subsequent thrombus formation at the jailed site could further compromise blood flow 
into the side branch. 

[0006] Plaque shift is also a phenomenon which is of concern when deploying a stent 
across a bifurcation. Plaque shift occurs when treatment of disease or plaque in one 
vessel causes the plaque to shift into another location. This is of greatest concern when 
the plaque is located on the carina or the apex of the bifurcation. During treatment of 
the disease the plaque may shift from one side of the carina to the other thereby shifting 
the obstruction from one vessel to the alternate vessel. 

[0007] In another prior art method of implanting stents, a "T" stent procedure includes 
implanting a stent in the side branch ostium of the bifurcation followed by stenting the 
main vessel across the side branch and subsequently deforming the struts as previously 
described, to allow blood flow and access into the side branch vessel. Alternatively, a 
stent is deployed in the parent vessel and across the side branch origin followed by 
subsequent strut deformation as previously described, and finally a stent is placed into 
the side branch vessel. T stenting may be necessary in some situations in order to 
provide further treatment and additional stenting in the side branch vessel. This is 
typically necessitated when the disease is concentrated at the origin of the jailed vessel. 
This procedure is also associated with the same issues and risks previously described 
when stenting only one vessel and deforming the struts through the jailed vessel. In 
addition, since a conventional stent generally terminates at right angles to its 
longitudinal axis, the use of conventional stents to treat the origin of the previously jailed 
vessel (typically the side branch vessel) may result in blocking blood flow of the 
originally non-jailed vessel (typically the parent vessel) or fail to provide adequate 
coverage of the disease in the previously jailed vessel (typically a side branch vessel). 
The conventional stent might be placed proximally in order to provide full coverage 
around the entire circumference of the side branch, however this leads to a portion of 
the stent extending into the pathway of blood flow of the parent vessel. The 
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conventional stent might alternatively be placed distally to, but not entirely overlaying 
the circumference of the origin of the side branch to the diseased portion. Such a 
position of the conventional stent results in a bifurcation that does not provide full 
coverage or has a gap on the proximal side (the origin of the side branch) of the vessel 
and is thus not completely repaired. The only conceivable situation that the 
conventional stent, having right angled terminal ends, could be placed where the entire 
circumference of the ostium is repaired without compromising blood flow, is where the 
bifurcation is formed of right angles. In such scenarios, extremely precise positioning of 
the conventional stent is required. This extremely precise positioning of the 
conventional stent may result with the right angled terminal ends of the conventional 
stent overlying the entire circumference of the ostium to the diseased portion without 
extending into a side branch, thereby repairing the right angled bifurcation. 

[0008] To circumvent or overcome the problems and limitations associated with 
conventional stents in the context of repairing diseased bifurcated vessels, a stent that 
consistently overlays most of the diseased area of the bifurcation and provides 
adequate access to distal disease without subjecting the patient to any undue risks may 
be employed. Such a stent would have the advantage of providing adequate coverage 
at the proximal edge of the origin of the side branch such that a conventional stent 
which terminates at right angles to its longitudinal axis can be deployed in the side 
branch or alternate vessel without leaving a significant gap at the origin of the side 
branch. In addition, such a stent would allow access to all portions of the bifurcated 
vessel should further interventional treatment be necessary. 

[0009] In another prior art method for treating bifurcated vessels, commonly referred to 
as the "Culotte technique," the side branch vessel is first stented so that the stent 
protrudes into the main or parent vessel. A dilatation is then performed in the main or 
parent vessel to open and stretch the stent struts extending across the lumen from the 
side branch vessel. Thereafter, a stent is implanted in the side branch so that its 
proximal end overlaps with the parent vessel. One of the drawbacks of this approach is 
that the orientation of the stent elements protruding from the side branch vessel into the 
main vessel is completely random. In addition excessive metal coverage exists from 
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overlapping strut elements in the parent vessel proximal to the carina area. 
Furthermore, the deployed stent must be recrossed with a wire blindly and arbitrarily 
selecting a particular stent cell. When dilating the main vessel the stent struts are 
randomly stretched, thereby leaving the possibility of restricted access, incomplete 
lumen dilatation, and major stent distortion. 

[0010] In another prior art procedure, known as "kissing" stents, a stent is implanted in 
the main vessel with a side branch stent partially extending into the main vessel 
creating a double barreled lumen of the two stents in the main vessel distal to the 
bifurcation. Another prior art approach includes a so called "trouser legs and seat" 
approach, which includes implanting three stents, one stent in the side branch vessel, a 
second stent in a distal portion of the main vessel, and a third stent, or a proximal stent, 
in the main vessel just proximal to the bifurcation. 

[0011] All of the foregoing stent deployment assemblies suffer from the same 
problems and limitations. Typically, there are uncovered intimal surface segments on 
the main vessel and side branch vessels between the stented segments or there is 
excessive coverage in the parent vessel proximal to the bifurcation. An uncovered flap 
or fold in the intima or plaque will invite a "snowplow" effect, representing a substantial 
risk for subacute thrombosis, and the increased risk of the development of restenosis. 
Further, where portions of the stent are left unapposed within the lumen, the risk for 
subacute thrombosis or the development of restenosis again is increased. The prior art 
stents and delivery assemblies for treating bifurcations are difficult to use and deliver 
making successful placement nearly impossible. Even where placement has been 
successful, the side branch vessel can be "jailed" or covered so that there is impaired 
access to the stented area for subsequent intervention. Further, even with the various 
patterns of the portal region of a currently manufactured type of bifurcated stent, there is 
a tendency of the ring or rings of the portal region to immediately overlap with an 
adjacent ring of the proximal section during stent deployment. The present invention 
solves these and other problems as will be shown. 
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Summary of the Invention 

[0012] The present invention provides for improved stent patterns for the portal region 
of a side branch access stent to prevent the occurrence of portal overlap during 
deployment of the stent. A method of making a stent for repairing a bifurcated vessel is 
further disclosed herein. 

[0013] The stent of the present invention includes a cylindrical body having a proximal 
opening, a distal opening, and a central (portal) opening. The distal opening and the 
proximal opening are aligned along the stent longitudinal axis and typically would be 
implanted in the main vessel, while the central opening is radially offset relative to the 
alignment of the distal opening and the proximal opening. The stent is implanted so that 
the central opening provides access to the side branch (or alternative vessel) and the 
ring or rings proximal to the central opening provide support and coverage to the origin 
of the side branch and to the area immediately proximal to the carina. The cylindrical 
body of the stent includes a plurality of rings aligned along a longitudinal axis, where 
each ring has a delivery diameter in which it is crimped or compressed tightly onto the 
balloon catheter, and an implanted diameter where the stent is implanted in a bifurcated 
vessel. Each ring also includes a number of first peaks that are configured to spread 
apart to permit the rings to be greatly expanded outwardly or to be compressed radially 
inwardly onto the balloon portion of a delivery catheter. 

[0014] In one embodiment, the cylindrical body includes a proximal section, a distal 
section, and a central section. The proximal section includes between one and fifteen 
rings, the distal section includes between one and fifteen rings, and the central section 
includes between one and ten rings. The number of first peaks in the central section 
differs from the number of first peaks in the proximal section and the distal section. The 
plurality of first peaks have a proximal end and distal end such that the proximal end of 
at least one first peak of the central section is connected to the distal end of at least one 
first peak of the proximal section by at least one link. A central opening of the distal 
section is adjacent to the proximal end of the at least one first peak of the central 
section connected to the distal end of the at least one first peak of the proximal section 
by the at least one link. 
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[0015] In another embodiment, the rings of the proximal section have between four 
and twelve first peaks, the rings of the distal section have between four and twelve first 
peaks, and the rings of the central section have between five and fifteen first peaks. In 
another embodiment of the stent, the rings of the proximal section have seven first 
peaks, the rings of the distal section have six first peaks, and the rings of the central 
section have eight first peaks. In each of the embodiments, the rings are connected by 
at least one link between adjacent rings. The links connecting the rings can have 
various embodiments including straight segments, curved segments, undulating 
segments, and non-linear segments. 

[0016] In yet another embodiment, the number of first peaks in the rings of the central 
section is proportional to the number of links connecting the first peaks of the central 
section and proximal section. 

[0017] In a further embodiment, the central section includes one ring having eight first 
peaks such that the proximal end of one first peak of the central section is connected to 
the distal end of one first peak of the proximal section by two links. In another 
embodiment, the central section includes one ring having eight first peaks such that the 
proximal end of two first peaks of the central section is each connected to the distal end 
of one first peak of the proximal section and to the distal end of one second peak of the 
proximal section by one link. 

[0018] In another embodiment, the proximal end of the at least one first peak of the 
central section and the distal end of the at least one first peak of the proximal section 
are connected in an out of phase configuration. 

[0019] The plurality of first peaks of the stent of the present invention are formed of 
struts having a length. In one embodiment, the length of the first peaks is inversely 
proportional to the length of the at least one link connecting the first peaks of the central 
section and the proximal section of the stent. 

[0020] Each ring of the stent of the present invention has at least one second peak 
where at least some of the at least one second peaks are connected to a link. 
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[0021] The stent of the present invention includes struts that make up the rings and 
links, the struts having either uniform cross-section, or cross-sections having various 
widths and thicknesses. 

[0022] In another embodiment, the stent of the present invention is coated with at least 
one layer of a therapeutic agent or drug. In such instance, at least a portion of the stent 
can be coated with a primer material, which adheres to the stent, the primer material 
being coated with at least one layer of a therapeutic agent or drug. 

[0023] The present invention also provides for a method of making a stent for repairing 
a bifurcated vessel. 

[0024] Other features and advantages of the invention will become apparent from the 
following detailed description taken in conjunction with the accompanying drawings, 
which illustrate, by way of example, the features of the invention. 

Brief Description of the Drawings 

[0025] FIGURE 1 is an elevational view of a bifurcation in which a prior art "T" stent is 
in a side branch ostium followed by the stenting of the main vessel across the branch 
ostium. 

[0026] FIG. 2 is an elevational view of a bifurcation in which "touching" prior art stents 
are depicted in which one stent is implanted in the side branch, a second stent 
implanted in a proximal portion of the main vessel next to the branch stent, with 
interrupted placement of a third stent implanted more distally in the main vessel. 

[0027] FIG. 3 is an elevational view of a bifurcation depicting "kissing" stents where a 
portion of one stent is implanted in both the side branch and the main vessel and 
adjacent to a second stent implanted in the main vessel creating a double-barreled 
lumen in the main vessel distal to the bifurcation. 

[0028] FIG. 4 is an elevational view of a prior art "trouser legs and seat" stenting 
approach depicting one stent implanted in the side branch vessel, a second stent 
implanted in a proximal portion of the main vessel, and a close deployment of a third 
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stent distal to the bifurcation leaving a small gap between the three stents of an 
uncovered luminal area. 

[0029] FIG. 5A is an elevational view of a bifurcation in which a prior art stent is 
implanted in the side branch vessel. 

[0030] FIG. 5B is an elevational view of a bifurcation in which a prior art stent is 
implanted in the side branch vessel with the proximal end of the stent extending into the 
main vessel. 

[0031] FIG. 6 is a photograph depicting the proper deployment (in air) of the Multi-Link 
Frontier™ Side Branch Access Coronary Stent. 

[0032] FIG. 7 is a photograph depicting the occurrence of portal overlap during stent 
deployment. 

[0033] FIG. 8 is a photograph depicting the improved stent pattern of the stent of the 
present invention in preventing portal overlap. 

[0034] FIG. 9 is a perspective view depicting one embodiment of the stent of the 
present invention in an unexpanded configuration. 

[0035] FIG. 10 is a flattened elevational view of the stent of FIG. 9, depicting one 
embodiment of the stent of the present invention. 

[0036] FIG. 11 is an enlarged view of a central (portal) section of the stent of the 
present invention depicted in FIG. 10. 

[0037] FIG. 12 is a perspective view depicting one embodiment of the stent of the 
present invention in an unexpanded configuration. 

[0038] FIG. 13 is a flattened elevational view of the stent of FIG. 12, depicting one 
embodiment of the stent of the present invention. 

[0039] FIG. 14 is an enlarged view of the central (portal) section of the stent of the 
present invention depicted in FIG. 13. 
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[0040] FIG. 15 is a flattened elevational view of one embodiment of the stent of the 
present invention. 

[0041] FIG. 16 is a flattened elevational view depicting one embodiment of the stent of 
the present invention. 

[0042] FIG. 17 is a flattened elevational view depicting one embodiment of the stent of 
the present invention. 

[0043] FIG. 18 is a flattened elevational view depicting one embodiment of the stent of 
the present invention. 

[0044] FIG. 19 is a flattened elevational view depicting one embodiment of the stent of 
the present invention. 

[0045] FIG. 20 is a flattened elevational view depicting one embodiment of the stent of 
the present invention in which at least some of the links have an undulating portion. 

[0046] FIG. 21 A is a portion of the stent pattern of the present invention depicting 
struts of variable thickness. 

[0047] FIG. 21 B is a portion of the stent pattern of the present invention depicting 
struts of variable width. 

Detailed Description of the Preferred Embodiments 

[0048] The present invention is directed to improved stent patterns for the portal 
region of a stent in the treatment of a bifurcation in the coronary arteries, veins, 
peripheral vessels, and other body lumens. Prior art attempts at implanting 
intravascular stents in a bifurcation have proved less than satisfactory. For example, 
FIGS. 1-4 depict prior art devices which include multiple stents being implanted in both 
the main vessel and a side branch vessel. In FIG. 1, a prior art T" stent is implanted 
such that a first stent is implanted in the side branch near the origin of the bifurcation, 
and a second stent is implanted in the main vessel, into the side branch. With this 
approach, portions of the side branch vessel are left uncovered, and blood flow to the 
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side branch vessel must necessarily pass through the main vessel stent, causing 
possible obstructions or thrombosis. 

[0049] Referring to FIG. 2, three prior art stents are required to stent the bifurcation. 
In FIG. 3, the prior art method includes implanting two stents side by side, such that one 
stent extends into the side branch vessel and the main vessel, and the second stent is 
implanted in the main vessel. This results in a double barreled lumen which can 
present problems such as thrombosis and turbulence in blood flow. Referring to the 
FIG. 4 prior art device, a first stent is implanted in the side branch vessel, a second 
stent is implanted in a proximal portion of the main vessel, and a third stent is implanted 
distal to the bifurcation, thereby leaving a small gap between the stents and an 
uncovered luminal area. 

[0050] In treating side branch vessel 5, if a prior art stent is used in which there is no 
acute angle at the proximal end of the stent to match the angle of the bifurcation, a 
condition as depicted in FIGS. 5A and 5B will occur. That is, a stent deployed in side 
branch vessel 5 will leave a portion of the side branch vessel exposed, or as depicted in 
FIG. 5B, a portion of the stent will extend into main vessel 6. 

[0051] The stent of the present invention can be implanted in the main or side branch 
vessels to treat a number of disease configurations at a bifurcation including, but not 
limited to, the following: 

1 . Treatment of a parent or main vessel and the origin of the side branch at a 
bifurcation with any angle associated between the side branch and parent vessel. 

2. Treatment of a parent vessel proximal to the carina and the side branch 
vessel simultaneously. 

3. Treatment of the proximal vessel extending only into the origin of the side 
branch and the origin of the distal parent at the bifurcation. 

4. Treatment of the area at the bifurcation only. 

5. The origin of an angulated posterior descending artery. 
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6. The origin of an LV extension branch just at and beyond the crux, sparing 
the posterior descending artery. 

7. The origin of a diagonal from the left anterior descending. 

8. The left anterior descending at, just proximal to, or just distal to the 
diagonal origin. 

9. The origin of a marginal branch of the circumflex. 

10. The circumflex at, just proximal to, or just distal to the marginal origin. 

1 1 . The origin of the left anterior descending from the left main. 

12. The origin of the circumflex from the left main. 

13. The left main at or just proximal to its bifurcation. 

14. Any of many of the above locations in conjunction with involvement of the 
bifurcation and an alternate vessel. 

15. Any bifurcated vessels within the body where conventional stenting would 
be considered a therapeutic means of treatment proximal or distal to the bifurcation. 

[0052] The present invention stent is an improvement over an existing stent 
specifically designed for treating bifurcations, known as the Multi-Link Frontier™ Side 
Branch Access Coronary Stent ("Frontier™ stent"), manufactured by Advanced 
Cardiovascular Systems, Inc. of Santa Clara, CA. Each of the prior art devices depicted 
in FIGS. 1-5 has various drawbacks, which have been solved by the Frontier™ stent. 
The Frontier™ stent adequately covers the main branch vessel and extends partially 
into the side branch vessel to cover the origin of the side branch vessel as well. The 
present invention includes an improved stent pattern for the portal region of the 
Frontier™ stent to prevent the occurrence of portal overlap. The condition of portal 
overlap may be characterized as the overlap of the proximal end ring of the portal 
region onto an adjacent ring of the proximal section during stent deployment in which 
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the proximal end ring either remains overlapped after deflation of balloon or slides 
forward again. As shown in FIG. 6, the Frontier™ stent is properly deployed (shown in 
air as opposed to in the body lumen) when all of the rings 30 are fully expanded with no 
overlapping of the rings in the proximal section of the portal region onto adjacent rings. 
Previous studies have indicated that on some occasions, typically with larger bifurcated 
angles, the portal region of a bifurcated stent, such as the Frontier™ stent, is 
susceptible to portal overlap (affected area enclosed within circle), as shown in FIG. 7. 
The bifurcated stent of the present invention solves the problem of portal overlap with 
the addition of at least one link connecting the proximal end of at least one first peak of 
the central section with the distal end of at least one first peak of the proximal section, 
as will be set forth in further detail below. As shown in FIG. 8, the incorporation of the at 
least one link (shown encircled) into the stent design of the portal region of the present 
invention stent enhances the full expansion of the stent and prevents the onset of portal 
overlap. 

[0053] The stent pattern of the present invention is novel in that it provides for vessel 
wall coverage of the main branch vessel and at least partial coverage of the origin of the 
side branch vessel. More specifically, in FIGS. 9-21, several embodiments of the 
bifurcated stent 20 having an improved portal region 28 are shown. The bifurcated 
stent can be characterized as a "trap door" since the stent pattern is configured so that 
as the stent is expanded, a central portion of the stent flares radially outwardly and 
opens to a greater diameter than the remainder of the stent, like a trap door, seemingly 
hidden until opened. The trap door portion, as will be further described herein, expands 
or opens to cover the opening to the side branch vessel. The terms "trap door," "portal," 
and "central section" may be used interchangeably herein. Once stent 20 is implanted 
in the main branch vessel and the opening to the side branch vessel, a second, 
conventional stent can be implanted in the side branch vessel, essentially abutting the 
trap door portion of the stent. 

[0054] The bifurcated stent 20 of the present invention may be referred to as a "trap 
door" stent since the central portion of the stent is somewhat hidden during delivery and 
opens like a trap door to treat a bifurcated vessel when the stent is expanded. The 
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stent of the present invention has a cylindrical body 21 that includes a proximal end 22 
and a distal end 23. The stent has an outer surface 24 which contacts the vascular wall 
when implanted and an inner surface 25 through which blood flows when the stent is 
expanded and implanted. The stent can be described as having numerous connected 
rings 30 aligned along a common longitudinal axis of the stent. The rings are formed of 
undulating portions which include first peaks 34 that are configured to be spread apart 
to permit the stent to be expanded to a larger diameter or compressed tightly toward 
each other to a smaller diameter onto a catheter. The rings are connected to each 
other by at least one link 31 between adjacent rings so that the rings are in an in phase 
configuration (rings point in the same direction). Typically, there are three links that 
connect adjacent rings and the links of one ring are circumferentially offset by about 60° 
from the links of an adjacent ring. While the links 31 typically are offset as indicated, 
this is not always the case, especially in the area of the trap door. The number of links 
between adjacent rings does vary, however, in view of the trap door configuration. 

[0055] The cylindrical body of the stent has a proximal section 26, a distal section 29 
and a central section 28 where the proximal section can have between one and fifteen 
rings 30, the distal section can have between one and fifteen rings, and the central 
section will have between one and ten rings. The number of first peaks 34 in the central 
section generally will differ from the number of first peaks 34 in the proximal section and 
the distal section. 

[0056] The central section 28 is essentially the trap door portion of the stent and is 
enlarged to appose the entrance to the side branch vessel when the stent is expanded. 
As used herein, "appose" means that the expanded stent comes into contact with the 
vessel or artery wall. By way of example, in one embodiment shown in FIGS. 9-1 1 , the 
rings 30 of the proximal section 26 have seven first peaks, the rings of the distal section 
29 have six first peaks, and the rings of the central section 28 have eight first peaks. 
Each of the rings has at least one second peak 35, which is connected to link 31. A 
plurality of first peaks 34 having a proximal end 42 and a distal end 44 is configured so 
that the proximal end of two first peaks of the central section is each connected to the 
distal end of one first peak of the proximal section and to the distal end of one second 
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peak of the proximal section by two separate links 46 resulting in a peak-to-peak or out 
of phase (peaks point toward each other) configuration 48. Thus, when expanded, the 
ring or rings of the central section will expand and the first and second peaks will spread 
apart to appose (contact) the entrance to the side branch vessel. The remainder of the 
rings in the proximal section are connected in a peak-to-valley or in phase configuration 
(peaks point in the same direction). This same peak-to-valley or in phase configuration 
is present with respect to each of the rings in the distal section of the stent. The rings of 
the proximal section and distal section will expand into apposition with the walls of the 
main branch vessel. Due to this unique configuration of incorporating at least one 
additional link into the stent pattern of the central section and connecting such link to an 
immediately adjacent ring on the distal end of the proximal section so that the 
respective adjacent rings are in a peak-to-peak configuration, the onset of portal overlap 
is effectively avoided. The number of peaks per section is a matter of choice depending 
upon the application and the type of bifurcated vessel to be treated. The peaks are 
spaced on the rings in such a fashion as to provide uniformity after final expansion, 
since a bifurcated stent does not necessarily expand coaxially inside the vessel. 

[0057] FIGS. 12-14 illustrate another embodiment of the present invention stent in 
which there is only one peak-to-peak configuration 48 incorporated into the pattern of 
the stent central section 28. In this embodiment, the first peak proximal end 42 of the 
central section 28 is connected to the first peak distal end 44 of the proximal section 26 
by one link 46. As in the previous embodiment, when expanded, the ring or rings of the 
central section will expand and the first peaks will spread apart to appose (contact) the 
entrance to the side branch vessel. The rings of the proximal section and the distal 
section will expand into contact with the walls of the main branch vessel. Further, the 
remainder of the rings in the proximal section are connected in a peak-to-valley or in 
phase configuration. This same peak-to-valley or in phase configuration is present with 
respect to each of the rings in the distal section of the stent. At least one ring of the 
central section is connected to at least one adjacent ring of at least one of the proximal 
section and the distal section in an in phase configuration. 
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[0058] A central opening 40 in the distal section 29 of the stent allows the passage of 
a balloon contained on the delivery system. The stent is to be crimped tightly onto two 
separate expandable members of a catheter. Typically, the expandable portions of the 
catheter will be balloons similar to a dilatation type balloon for conventional dilatation 
catheters. In the present invention, the bifurcated stent 20 is configured such that the 
stent has a distal opening 36 and a proximal opening 38 that are in axial alignment and 
through which a longer balloon extends, and the central opening 40 which is adjacent 
the central section 28 or "trap door," through which a shorter balloon extends. The stent 
can be crimped tightly onto both the long and short balloons. In this embodiment, the 
central opening of the distal section is adjacent to the proximal end 42 of one first peak 
of the central section connected to the distal end 44 of one first peak of the proximal 
section by link 46. 

[0059] In another embodiment shown in FIG. 15, the ring 30 or rings in the central 
section 28 of the stent 20 have a corresponding set of nested peaks 39 nested within 
the first peaks 34 of the ring or rings of the central section. The nested peaks, when 
expanded, will appose the opening to the side branch vessel and provide additional 
support as well as vessel wall coverage. With the addition of the nested peaks, the 
central section can expand to an even greater diameter than a similar stent without the 
nested peaks because the extra peaks provide more material to expand. 

[0060] It is contemplated by the present invention that the at least one link 46 
connecting one first peak 34 of the central section 28 to an adjacent first peak 34 of the 
proximal section 26 can be of various shapes and sizes, including standard straight 
links 57, long straight links 58, and non-linear links 60 having curved portions. In one 
embodiment shown in FIG. 16, two separate straight links 57 connect one first peak of 
the central section to the adjacent first peak of the proximal section in the characteristic 
peak-to-peak configuration 48 of the present invention bifurcated stent 20. In other 
embodiments shown in FIGS. 17-18, the link connecting the one first peak 34 of the 
central section 28 to the adjacent first peak 34 of the proximal section 26 may be 
configured as a non-linear link 60 having curved portions. 
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[0061] In a further embodiment shown in FIG. 19, the length of the first peaks 34 is 
inversely proportional to the length of the at least one link 62 that connects the first 
peaks of the central section 28 and the proximal section 26 in a peak-to-peak 
configuration 48. For example, the central section of the stent includes first peaks 34 
and second peaks 35 having a strut length that is proportionately shorter than the length 
of link 62. 

[0062] With all of the embodiments of the bifurcated stent 20 disclosed herein, the 
rings 30 can be attached to each other by links 31 having various shapes, including 
straight links 32 or non linear links 33 having curved portions. The non linear links, as 
shown in FIG. 20, can have undulating portions 37 that are perpendicular (or offset) to 
the longitudinal axis of the stent and act as a hinge to enhance the flexibility of the stent. 
The links are not limited by any particular length or shape and can be a weld, laser 
fusion, or similar connection. Welds or laser fusion processes are particularly suited to 
stent patterns that are out of phase (peaks point toward each other) as opposed to the 
in phase pattern (peaks point in the same direction) shown in the drawings. 
Furthermore, with all of the embodiments of the bifurcated stent 20, the stent can be 
used to treat coronary arteries having vulnerable plaque. 

[0063] Each embodiment of the stent 20 also can have rings 30 and links 31 that have 
variable thickness struts 52A and 52B, as shown in FIG. 21 A, at various points in order 
to increase the radial strength of the stent, provide higher radiopacity so that the stent is 
more visible under fluoroscopy, and enhance flexibility in the portions where the stent 
has the thinnest struts. The stent also can have variable width struts 54A and 54B, as 
shown in FIG. 21 B, to vary flexibility, maximize vessel wall coverage at specific points, 
or to enhance the stent radiopacity. The variable thickness struts or variable width 
struts, which may be more radiopaque than other struts, can be positioned along the 
stent to help the physician position the stent during delivery and implantation in the 
bifurcated vessel. 

[0064] The bifurcated stent 20 can be formed in a conventional manner typically by 
laser cutting a tubular member or by laser cutting a pattern (as in one of the 
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embodiments disclosed herein) into a flat sheet, rolling it into a cylindrical body, and 
laser welding a longitudinal seam along the longitudinal edges of the stent. The stent 
can also be fabricated using conventional lithographic and etching techniques where a 
mask is applied to a tube or flat sheet. The mask is in the shape of the final stent 
pattern and is used for the purpose of protecting the tubing during a chemical etching 
process which removes material from unwanted areas. Electro discharge machining 
(EDM) can also be used for fabricating the stent, where a mold is made in the negative 
shape of the stent and is used to remove unwanted material by use of an electric 
discharge. The method of making stents using laser cutting processes or the other 
described processes are well known in the art. The stent of the invention typically is 
made from a metal alloy and includes any of stainless steel, titanium, nickel titanium 
(NiTi or nitinol of the shape memory or superelastic types), tantalum, cobalt chromium, 
cobalt chromium vanadium, cobalt chromium tungsten, gold, silver, platinum, platinum 
iridium or any combination of the foregoing metals and metal alloys. Any of the listed 
metals and metal alloys can be coated with a polymer containing fluorine 19 ( 19 F) used 
as a marker which is visible under magnetic resonance imaging (MRI). Portions of the 
stent, for example some of the links, can be formed of a polymer impregnated with 19 F 
so that the stent is visible under MRI. Other compounds also are known in the art to be 
visible under MRI and can be used in combination with the disclosed metal stent of the 
invention. 

[0065] The stent of the invention also can be coated with a drug or therapeutic agent 
to assist in repair of the bifurcated vessel and may be useful, for example, in reducing 
the likelihood of the development of restenosis. Further, it is well known that the stent 
(usually made from a metal) may require a primer material coating to provide a 
substrate on which a drug or therapeutic agent is coated since some drugs and 
therapeutic agents do not readily adhere to a metallic surface. The drug or therapeutic 
agent can be combined with a coating or other medium used for controlled release rates 
of the drug or therapeutic agent. Examples of therapeutic agents or drugs that are 
suitable for use in accordance with the present invention include 17-beta estradiol, 
sirolimus, everolimus, actinomycin D (ActD), taxol, paclitaxel, or derivatives and analogs 
thereof. Examples of agents include other antiproliferative substances as well as 
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antineoplastic, antiinflammatory, antiplatelet, anticoagulant, antifibrin, antithrombin, 
antimitotic, antibiotic, and antioxidant substances. Examples of antineoplastics include 
taxol (paclitaxel and docetaxel). Further examples of therapeutic drugs or agents 
include antiplatelets, anticoagulants, antifibrins, antiinflammatories, antithrombins, and 
antiproliferatives. Examples of antiplatelets, anticoagulants, antifibrins, and 
antithrombins include, but are not limited to, sodium heparin, low molecular weight 
heparin, hirudin, argatroban, forskolin, vapiprost, prostacyclin and prostacyclin analogs, 
dextran, D-phe-pro-arg-chloromethylketone (synthetic antithrombin), dipyridamole, 
glycoprotein llb/llla platelet membrane receptor antagonist, recombinant hirudin, 
thrombin inhibitor (available from Biogen located in Cambridge, MA), and 7E-3B® (an 
antiplatelet drug from Centocor located in Malvern, PA). Examples of antimitotic agents 
include methotrexate, azathioprine, vincristine, vinblastine, fluorouracil, adriamycin, and 
mutamycin. Examples of cytostatic or antiproliferative agents include angiopeptin (a 
somatostatin analog from Ibsen located in the United Kingdom), angiotensin converting 
enzyme inhibitors such as Captopril® (available from Squibb located in New York, NY), 
Cilazapril® (available from Hoffman-LaRoche located in Basel, Switzerland), or 
Lisinopril® (available from Merck located in Whitehouse Station, NJ); calcium channel 
blockers (such as Nifedipine), colchicine, fibroblast growth factor (FGF) antagonists, fish 
oil (omega 3-fatty acid), histamine antagonists, Lovastatin® (an inhibitor of HMG-CoA 
reductase, a cholesterol lowering drug from Merck), methotrexate, monoclonal 
antibodies (such as PDGF receptors), nitroprusside, phosphodiesterase inhibitors, 
prostaglandin inhibitor (available from GlaxoSmithKline located in United Kingdom), 
Seramin (a PDGF antagonist), serotonin blockers, steroids, thioprotease inhibitors, 
triazolopyrimidine (a PDGF antagonist), and nitric oxide. Other therapeutic drugs or 
agents which may be appropriate include alpha-interferon, genetically engineered 
epithelial cells, and dexamethasone. 

[0066] While the foregoing therapeutic agents have been used to prevent or treat 
restenosis, they are provided by way of example and are not meant to be limiting, since 
other therapeutic drugs may be developed which are equally applicable for use with the 
present invention. The treatment of diseases using the above therapeutic agents is 
known in the art. The calculation of dosages, dosage rates and appropriate duration of 
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treatment are previously known in the art. Furthermore, the therapeutic drugs or agents 
are loaded at desired concentration levels per methods well known in the art to render 
the device ready for implantation. 

[0067] It should be understood that any reference in the specification or claims to a 
drug or therapeutic agent being coated on the stent is meant that one or more layers 
can be coated either directly on the stent or onto a primer material on the stent to which 
the drug or therapeutic agent readily attaches. 

[0068] While particular forms of the invention have been illustrated and described, it 
will be apparent to those skilled in the art that various modifications can be made 
without departing from the scope of the invention. Accordingly, it is not intended that 
the invention be limited except as by the appended claims. 
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